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Soveral tactors alter an individual's risk for an environmentally relatad Biness. A major detamminant is the age of the individual. The toxicodynamic
processes that determine exposure, absorption, metabolism, axcretion, snd tissue vulnerabllity are ail age relatad. This paper discusses each of

these processes and their varlability with aga, and ilustrates thase po
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Introduction

. Several facrors alter an individual's risk for
an environmentally related illness. These
include genetic background, nutridion, age,
lifessyle, etc. These categories are not

mutually exclusive but are influenced by
- bin reductase can tontinue to keep che iron

cach other. This article will focus on age as
a susceptibilicy facror and specifically on
how the toxicokinetic parameters of
exposure, absorption, meuabolism, distrib-
ution, and rarger organ susceptibiliry
change du(ing development ().

Exposure

- Exposure to an environmental agenr is the .

first step in the sequence of cavironmen-
wally related health effeces. differ
wirg developmental stage because the envi-
ronments of children are different chan
those of adules, :
When considering cxposures, one must
look at the exposures of an individual over
the course of a day. In general it is true that
people may move through several environ-
meats during a day, doing crrands, going
home, going w sleep. This is also true for
infants and children, going ro school,
going to day care, going to play, What is
needed is 8 sum total of all the exposures
and some idea of the maximum exposure.
But we are usually not able to put monirors
-on people and measurc them, Usually, our

estimates of exposure are from retrospee- |

tive estimates. This is true not only for

adules, but for children as well. Although
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the cotal exposure in 2 day may be the
same, the pactern of exposure may have
tatally different heaith effects. For exam-
ple, nitrates in well water may cause
methemoglobinemis. Howeves, if they are
ingested ar a rate where the methemoglo-

in hemoglobin in the reduced state, no
healch effece will occur. But if the dose
exceeds the capacity of methemoglobin
reductase, then methemoglobinemia will
resule (2). This 1s one mechanism that
results in a threshold effece. ™ - -
Exposures thac have profound health
effects on an individual may oceur at periods
of tirne thar. frequentdy are not considered,
such as an exposure that oteur o the

mother befare the conception of that indi- .

vidual which may have a profound effect

on that {ndividual. For example, women -

who conceived after eating cooking oil
contaminated with polychlorinated
biphenyls (PCBs) gave blreh ro Infants with
yusho (3). The mechanism responsible is
felt co be storage of PCBs in adipose tssue
during exposure, which arc then mobilized
during pregnancy (4.5). Another example
is that of 2 woman who was inadequarely
treated for plumbism in childhood and

* who gave birth to an infant with congeniral

lead poisoning (6). Storage of the lead in

bone with mobilizarion during pr;gm&?'
or this

is the most logical explanation

result (7). .
Another example of an exposure prior

to conception, which may result in effects |

on the individual, is a preconceprion expo-
surc that directly atfects the ovum or
spetm. The ovum, formed within che fetus
of che furure mother, is dependent on the
exposures of both the ther and the

mother. The ovum, therefore, is a stage of -

development that sums all che exposures of
the other stages of development. Studics
have measured xenobiotics in follicular

fluid, showing the potential for exposure
(8). Sperm, in contrase, are created only 2
few hours to days prior to conception.

" Thus, the exposures to the sperm are

dependent on pacernal exposure in the
periconception period.

In most instances, exposures to the
fetus are dependent on the exposures to
the mother, However, premature infants
delivered afrer 24 weeks have very differ-
enc exposures in the newborn intensive

“eare unit (NICU), such as to noise, light, .
compressed gases, intravenous solutions,

and benzyl alcohol (9). Nor only is che
NICU a unique environment, buc these
infants remain in the same environment
often for months, _
" Exposures of newborns, infants, tod-
dlers, school-age children, and adolescents’
can be discussed with reference to changes
in pbyzical location, breathing zones, oxy-
gen consumption, food consumprion,
types of foods consumed, and normal
behavioral development. -
Physical Location
The physical locacion of children changes
with development. The newborn is usually
near the mother or held by che mother, so
exposures will be like those experienced by -
the mother. The newborn frequencly
ends more wme in a single environment
or prolonged periods of time, i.c., 2 crib,
sather than scveral different cnviconments,
Infaots and coddlers are frequently placed
on the floor or carper, or on grass. Therefore,
they have much more exposure to chemi-
cals associzted with these surfaces, such as
formaldchyde and volarile organic chemi-
cals from synthetic carpet (70) and pesci-
cide residues from flea bombs (1),
Preambulacory children also may expe-
ricnce sustained cxposure {0 noxious agents
because they cannot remove themselves
from their environment. An example is the
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infant who is badly sunburned due to the
inability 1o protect himselffherself. 1t has
been shown that the risk of skin cancer is
most closely related to the amount of sun
.damage the skin sustains during the first 18
years of life (12).

School-age children spend a significant
period of rime ar school, a very different
physical environment than the house.
Schools arc frequently buile on relatively
undesirable land for economic reasons.
These sites are frequently near bighways
(auro emissions and lead), under power
lines (eleccromagnetic fields), or on old
industrial sites (benzene, arsenic). Until

- relatively recently schools made frequent
use of asbestos as a building material (13).

Adolescenss not only have 2 new school
environment, but begin to self-determine
physical environments, often misjudging or
ignoring the risks to themselves (/4). In
addition, many adolescents have part-time
jobs that place them in physical environ-
mencs which may be hazardous due to
occupational exposuces (15).

Breathing Zoncs

The breathing zone for an adult is typically
4 to 6 ft above the floor. However, for a
child, it is closer to, the floar and depen-
dent on the height and mobility of the
child. It is within these lower breathing
zones that heavier chemicals such as mer-
cury and large respirable pardculates sertle
out {J6) and radon accumulates (I7).
This is one factor thar may have accounted
for the case of acrodynia in Michigan from
latex house painr (18). :

Oxygen Consumption

Because of their larger surface-to-volume
ratio, the metabolic rate of children is
highet, and hence their oxygen consump-
tion is greacer. Therefore, their exposure to
any air pollutant is greater. For example, if
radon is present at 2 pCi/l, an adule with an
average O, consumption rate of 3.5 mi/kg
body weight/min will reccive an exposure
of 48 pCi/kg in 24 hr. In concrast, a 6-
month-old child with an average O, con-
sumption rate of 7 wl/kg body weight/min
will receive an exposure of 96 pCifkg in 24
hr, which is twice as much (19). .

uantity and Quality
of Food Consumed
Just as O, requirement is higher for chil-
dren as a function of their sutface-to-vol-
ume rario, so is caloric requirement. Not
only do children mainrain homeostasis,
they also grow. Therefore, the amount of

‘ tions
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food they consume per kilogram body
weight is bigher than that of che adult
(20). Consider the amount of warer con-
sumed by an infant who receives formula
reconstituted in boiled tap water. Average
consumption is 6 oz/kg. (In comparison,
for the average male adult, this is equiva-
lent to drinking 35 cans of soda pop a
day.) Blood lead levels greater than 10
pg/dl have been found in infanes with
exposure ¢o tap water in formula (6). Ic
has also been shown thar the types of food
they consume differ from those of adults
(21). The diets of many newborns are lim-
ited to breast milk. Breast milk has been
documented to ‘concain many environmen-
tal pollutants including lezd, PCBs, and
dioxins (22-24). Children's diets contain
more milk products and more fruit and
vegerables. When the level of exposute of

children to Alar was caleuldted using a

child’s daily consumption of apples and
apple products, an unacceptable level of
risk for cancer was found (25),

Normal Behavioral Development

The normal behavioral development of a
child will also influence his environmental
exposures. A preambulatory infanc will
not be able to remove himself/herself
from a noxious environment as men-

tioned earlier. Normal children pass .

through a developmenaal sisge of intense
oral exploratory behavior. Most objects
grasped will be placed in che mouth, This
behavior is onc common etiology of lead
poisoning in eavironments with high lev-
els of lead dust (26). It also places the
child ar risk in envitonments that have
not taken the oral oricntation of children
into account. One example is arsenic- and
creosote-treated wood in playgrounds.
Children will frequently {;ce their
mouths on these materials in the course of
normal play (27). The ability to walk
often places the chbild in unusual situa-

fzr play. such as used drums, mud
puddles, or empry lots, enviconments
where. adults spend little time and which
have the potential for dangerous expo-
sures. As children become adolescents,
they gain more and more freedom from
parental authority. However, they arc at a
stage of development in which physical
strength and stamina are at a peak, yet
they are continuing to acquire abstract
thinking (28). Therefore, they do not
consider cause and effect, particularly
delayed effects, in the same way adults do.
They often place themselves in situations
with greater risk due to chis lack of per-
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ception. An exar"ﬁple_ is the increased inci-. .
dence of farm injuries involving adoles-
cents as compared to aduits (29).-.

Absorption

Absorption generally occurs by four major
pathways: transplacental, percutancous,
respiratory tract, and gastrointestinal tract.
Each of these porcals of enrry is dependent
on the developmental stage of the child.

Transplacental

During the feral stage. 2 major pachway of
absorption is the placenca. Until che lare
1950s, the placenta was thoughr to protect
the fetus gom any maternal exposure.
However, the experience with thalidomide
drastically changed this paradigm (30). I
is now known thar several classes of com-
pounds readily cross the placenda.
Compounds of low molecular weight cross
the placenta readily. Carbon monoxide is a
good example of this type of chemical.
Because carbon monoxide has a higher
afhnity for fetal compared to adulc hemo-
globin, the concentradon of carboxyhemo-
globin is higher in the fetus than in the
mother (31). Lipophilic compounds such
as polycyclic aromatic hydrocarbons and
ethanol also readily gain access to the feal
circulation, PCBs have been measured in
equal. concentration in fetal and marcrnal
biood (32). Feral and maternal blood levels
of ethanol are equal in pregnant ewes (33).
The fetal liver does not express alcahol
dehydrogenase until near term (34).
Therefore, the majoriry of ethanol diffuses
back across the placenta and is metabolized

-by the mother. There are also specific

transport mechanisms in the placenta chac
actively eransporr specific nurriencs.

.Calcium is such 2 nutrient; 2 100 to 140

mg/kg/day. accretion is required by the fetus
in the third trimester (35). Lead is trans-
ported via the calcium transporter. Feral
blood lead concentration is equivalent to
marernal blood lead concentration (36).
Percutancous

Transdermal pathways of absorprion are
particularly imporcant for lipophilic com-
pounds. The skin undergocs cnormous
changes with each developmental stage,
which alters the properties of absorption.

~ The dermis of a fetus is unkeratinized
(37) and is chus without one of the major
barrices of the skin. Although xenobiotics
have been described in amniotic fluid {38).
the transdermal absorprion of these com-
pounds has not been srudied. Keratini-
zation occurs over the inicial 3 to 5 davs
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following birch and is independent of ges-
tational age. Thesclore, the skin of & new-
born remains 2 particularly absorprive -

surface. Several épidemics have been -

described involving percutaneous absorp-
tion of xcnobiotics, including hypothy-
roidism from lodine In betadine scrub
solucions (39), neurotoxicity from hexa-
chlorophene baths (40), and hyperbilisu-
bincmia from a phenohc disinfectant (¢7),
An sdditional fctor in the absorprion of
these chemicals transdermally is the larger
sutface-to-volume ratio of-newboms com-
pared 1o older children and aduls. .. -

Respiratory Tract.

During prenatal life, the fetus makes
breathing motions. Although the net flux
of fluid is from the lungs our of the trachea
into the amniotic Auid, some xenobioties
in amniotic Buid may be in contact with
the respiratory epithcﬁum. Studies on this
pathway arc limiced. It has been noted that
maternal smoking during pregnancy is
associated with significant reductions in
forced expiratory flow rates (42).

The surface absorptive propertics of
the lung probably do not cﬁmgc during
development. However, from birth 1o ado-
lescence, the lung continues to dcvel:r

~alveoli{(43). A conuquenae of this dev

opmeat is an increasing surﬁce absorprive
area in the lun5

Gastromtsnnal Tua

The gastrointestinal (GI) tract undergoes
numerous changes during development.
The ferus actively swallows amniotic fluid
(44) Xenobiotics are known to be present
in amniortic fluid, but prenatal sbsorprion
from the GI tract has not been Investigated,
Following delivery, the gastric pH is

_relacively high and does nor achieve adule

levels of acidity until-several months of
age (45). The difference in pH will .
markedly affect xenobiotic absorption
from the stomach, as it will change the
ionization status of these chemicals (46).

In addition, under low levels of acidity,
bacrerial overgrowth in the small bowel
and stomach may result. The absorprion
of nicrites formed by bacteria from inges-
tion of formula reconstituted wich well
water with nitrace contaminacion resulted
in several cases of methemoglobinemia in
lowa (47).

The small bowel is felt to express
specific transport mechanisms in the new.
oorn. In the newborn mousc and rar,
maternal 1gM and 1gG present in
colostrum are specihcally eransported
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across the sm:ll bowel and into the blood. -

Whether these mechanisms are present in
“humans has not been proved (48). The

"bowel also responds ¢o increased nutri-

tlonal needs by increasing absorprion of

the particular nutrlent, For example, grow-
ing children require more calcium than
adults for continued bone growth. Thus,

* they absorb more calcium from intralumi-

nal coatents than adulis. However, they

‘also absorb more lead from che GI rrace
than adults because of this enhanced .

absorption. It is estimaced that an adule

“will absorb 109 oﬁn(fmcd 1éad, whereas a -

1- 10 2.year-ald child will absorb 50% of

ingested lead (49).
Distribution

The tissue distribution of chemicals varies
with developmental sugc of dhe child. For
example, many drugs in the newborn have
higher apparent volumes of discriburion

(50). In animal models, jt has been shown

“*thar Jead is reciined to'a hrger degree in

the infant animal brain than in the adule
(57). Lead also accumulaces more rapidly
in children's bones, doubling between

infancy and the lare teen years (52)
Metabolism.

Ncnbohsm of chémicits may resule in
their activarion or.deacrivation.. These
enzyimes involved in the blommfomnon

of chemicals cadi be citégorized into two

groups, Phasc 1 and Phase 11 enzymes.

I enzymes promote formation of a
conjugable group, and phase II enzymes
catalyze the conjugation of 2 more polar
compound to the con;ugable group such
that the resulting conjugate is mare polas
and therefore more easily excreced. Not
only does developmental stage derermine
the activity of chese metabolic pathways,
bur also the genetic polymorphums of cach
locus determine the activity of each com-

ponent enzyme. The family of glutachione

S-transferases, phase I enzymes, Hllustrates
both of these points. The glutathione S-
transferases (GST) are a large and complex
fum}y of enzymes which share the catalytic
activiry of glutathiorie conjugation to a sec-
ond substrate with a conjugable group
(53). They can be sepacated into four fam-
ilics of enzymes: @, p, %, and microsomal.
The p famlly is lacking in 509 of individ-
uals (54). Smokers with lung cancer have a
higher incidence of lacking the p glu-
tathione transferases (55). Thus, these
individuals have a geaetic suscepcibility to
carcinagenesis from cigarcere smoke. The
cxpression of the families of GST show a

CHILDREN ARE DIFFERENT FROM ADULTS

marked tissue specificity, GST & is only
found in placenta (56.57); the Ye isozyme
of GST @ is not expressed in brain, bur the

-Yb, isozyme of GST g is only expressed in

bmn (58.59). Developmenaal regulznon is
evident in that 50% of GST acrivity in
fetal liver is GST x, which is not cxpressed
in aduls liver (60).-

Developmental regulacion is more com-
plex in the P450 cytochrome family.
[Nebere and Gonzales (67) present a com-
plete review.] Clinically this is important
for the pediatrician to know in order to
pmcnbc medications accurately. Theophyl-
line-is merabolized by the P450 cyrochrome
system. Initially, during the newboen
period, the half-life of theophylline is pro-
longed, requiring dosing twice 2 day.
However, P450 eytochrome expression
increases over the first few months of life,
decreasing drug half-life and necessitating
more frequent dosing. If one examines uri-
nary metabolites ofs theophylline during
this period, one sces a difference in the par-

tern of metabolices denoting complex

developmental stages in the expression and
activity of the P450 cyrochromes (61). The
half.life of theophyiline is again prolonged
during adalesccnce. possibly as a conse-
quence of competition with steroid hor-
monés (62). Dosing intecval must again be
prolonged to avoid toxicicy.

- Another elinical example of develop-
mental changes in metabolism is the case -

of acetaminophen. In the adult, as well as
the pregnant adulr, high levels of accta-
minophen may cause fatal heparoroxicity.
However, infants delivered to mothers
with high acetaminophen levels will zlso
have clevated aceraminophen levels in
blood, bur will not sustain liver damage. It
is thoughr that the lack of the fetus's abil-
ity to metabolize the acetaminophen pro-
rects the ferus from end-organ damage
(63.69).

From these rwo examples, onc can con-
clude that biotransformation of xenobi-
otics is developmentally cegulated and may
either protect or harm the individual.

Excretion

Kidney function is also developmentally
regulated. At birth, glomerular hltration
rate is & fraction of normal adult values. It
gradually increases to adulr values by
approximately 1 year of age. The abilicy w0

concentrate urine is also developmentally

regulated, the newborn being relatively
poor at concentrating urine. By 16 monchs
of age, renal funcrion has reached adult

ilicies (635).

‘3)

R PAGE 84



............ [P RASR  w]

C. F. BEARER

Target Organ Susceptibility

Children are also different than adults
becausc their organs are undergoing
growth and differentiation. Both of these
processes may be affected by xenobiotics.
The result of exposure to xenobiotics may
be different in children than adulss, both
in the degree of severity of effect and also
in the nature of the effect. Since children's
bodies arc growing and developing, these
processes may be disrupred as a result of
environmenca) cxposures, leading to differ-
ent outcomes. Examples of such outcomes
are prenacal and postnatal growth recarda-
tion, diminished 1Q, precocious puberty,
microcephaly, and diminished Inng volume,

Growch occurs by three mechanisms:
auxelic, where growth occurs by cells
becoming larger; mulrtiplicative, where
growth occurs by cells dividing; and accre-
tionary, where ground substance and non-
living strucrural components accumulate
(66). Mukiplicative growth is felt to be’
complere at 6 months of gestation for those
tissues nox undergoing continual turnover
such as epithelial cells. All subsequent
growth is sccretionary or auxelic. Cells
undergo two furcher processes o become
the adult organism, differentiation and
migration. Differentiation is the process by
which cells take on cheir particular chemi-
cal operations and lose the ability 1o divide.
Thesc events may be triggered by hot-
mone~receptdr interactions. Some eavi-
ronmental agerits may mimic hormones
and alter the differentiation of some tis-
sues. Chlorinared insecricides are an exam-
ple of this mechanism. Recent studies have
shown cffects on the reproductive system
from exposure to chlordecone (67).

Cell migration is necessary for certain
cells to reach their destinarion for function.
Neurons, for exampie, originate in the ger-
mina macrix, then migrate our along radial
glia to a predestined Jocation in one of the
many layers of the brain (68). Xenobiotics
may have 3 profound effect on this process,
as shown in children with feral sleohof syn-
drome. Prenatal exposure to ethanol may
result in incerruption in this process severe
enough to cause lissencephaly (69).

IsG UR CERG

Examples of organs that have a pro-
longed period of postnatal development are
the brain and the lungs. Myelinartion of the
brain is not complete until adolescence
(70). Alveolarization is nor complete unil
adolescence (43). This protracied period of
growth and development increases the vul-
nerability of these organs. For example,
incracranial tumors are frequently treated
by radiation therapy in adults, with uncom-
fortabic but reversible side effeces (71).
However, in infants, radistion therapy is
avoided because of the profound and per-
manent effects on the developing central
nervous system. .

Another example of the unique vulner-
abilicy ol children is the neuratoxic effects
of fead. The current blood lead concentrs-

tion of concern for children is 10 pg/d] -

{72). This level is based on studies by
numerous investigators (73) that show that
children with blood Jead concentrations
greater than 10 pg/dl have measurabic
decreases in intelligence quoticnt. The
occupational limit for adules is 60 pg/dl, ar
which no encephalopathy is noted, bur

“may impair kidney function, fenility, and

peripheral nerves (49). .
That the developing lung may aiso be
compromised by exposure to environmen-

;) agenss is-illusratzd by studies of the.

effects of environmental tobacco smoke on
children, It has been shown that che FEV1's

of children exposed to .environmental’

tobaccs sracke (ETS) arc measurably slower
than children wich no exposure (74).
Tissues undergoing proliferation and
terminal diffeentiation are particularly sus-
ceptiblc to carcinogenesis (75). This
increased susceptibility is due to che shon-
encd time period for DNA repair and the
multiple chanpes that are occurring wirhin
the DNA, such as interaction with growth
factors, the switching on of genes as well as
the switching off of genes. All are likely
sites for intesaction with chemicals that
will interrupt the sequence of events. A
clinical example is the epidemic of scroral
cancer among the pubertal chimncy sweeps
of Victorian England (76). Chimney
sweeps were usually adolescents with

" developing secondary sexual characeerisucs.

Occupational exposure to carcinogens
such as soot was common, but the site of
the tumor is uncommon outside chis situa-
tion. Thus, it can be hypothesized chat the
scrotum, while undergoing rerminal differ-
entiation, had increased suscepribility 1o
the carcinogen.

Summary

This presentation has attempted o outine
. -, -
the teasons ‘Why children cannot be con-

“sidered licrde adults in the area of environ-

mental medicine. Their exposures are
different, their pathways of absorption are
differeny, cheir tissue discribution is differ-
ent, cheir ability to biotransform and elim-
inate chemicals is different, and theis
bodies respond differentdy to environmen.

" tal chemicals and radiation. Each of chese

differences is dependent on the develop-

_mental stage of the child—all childsen are

not the same! Each of these differences
must be taken into account when consid-

“ering che health impacts of a particular

exposure on the population. Qur darabase
is still incomplere as regards pediatric
environmental medicine.

What can the pracritioner do? The roles

- of educaror, investigator, and advocate are

extremely important when' assessing chil-
dren for their environmental healch,
Prevention is the most important interven-
tion in this field, Parencs, children, teach-
ers, community Jeaders, and policy makers
need to be educated abour the unique vul-
nerability of children to environmental
pollution. Most environmentally caused
diseases have been diagnosed by an alen

. ¢linictan. Publication of case srudies has

allowed further descriprion of environmen-
tally mediaied discases. Fiuily; clinicians
must be advocares for their paticnts. Most
regulatory policies do not take rhe unique
vulnerability of children into account when
setting limics. A clinician must understand
the basis for this unique vulnerability and
all the factors that infuence it to be an
effective advocare,
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